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(57) ABSTRACT

A rotary milling tool body includes a circumferential clamp-
ing portion with opposite first and second side surfaces and a
plurality of insert pockets and integral clamping jaws
arranged therealong. Each clamping jaw includes opposite
forward and rearward abutment surfaces which extend
between the first and second side surfaces. Each clamping jaw
further includes a throughgoing pressure hole which opens
out only to the first and second side surfaces. Each clamping
jaw further includes a pressure member which is located in
the pressure hole and transferable between disengaged and
engaged positions.

28 Claims, 2 Drawing Sheets
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1
MILLING TOOL AND MILLING TOOL BODY
HAVING PRESSURE HOLES FOR SECURING
CUTTING INSERTS

RELATED APPLICATIONS

The present application claims priority to U.S. Provisional
Patent Application No. 61/726,880, filed 15 Nov. 2012, the
contents of which are incorporated by reference in their
entirety.

FIELD OF THE INVENTION

The subject matter of the present application relates to
rotary milling tools for metal cutting.

BACKGROUND OF THE INVENTION

Milling tools of the field are known and disclosed, for
example, in U.S. Pat. No. 7,131,794.

SUMMARY OF THE INVENTION

In accordance with the subject matter of the present appli-
cation there is provided a rotary milling tool body with a
circumferential clamping portion,

the circumferential clamping portion can comprise oppo-
site first and second side surfaces and a plurality of insert
pockets and integral clamping jaws alternatingly arranged
therealong,

each clamping jaw can comprise:

opposite forward and rearward abutment surfaces which
extend between the first and second side surfaces,

a throughgoing pressure hole which opens out only to the
first and second side surfaces, and

a pressure member located in the pressure hole and is
transferable between disengaged and engaged positions.

In accordance with another aspect of the present applica-
tion, there is further provided a rotary milling tool which
comprises the milling body and multiple cutting inserts
secured in respective insert pockets.

Any of the following features, either alone or in combina-
tion, may be applicable to any of the above aspects of the
subject matter of the application:

The clamping jaw can have a unitary, one piece construc-
tion.

The pressure hole can extend between the forward and
rearward abutment surfaces.

The pressure hole can have conical openings.

Each clamping jaw can be elastically deformable at a body
portion, between the pressure hole and each of the first and
second jaw sides.

In the engaged position, the pressure member applies indi-
rect clamping forces (FI) outwardly, away from a longitudinal
axis (H) of the pressure hole.

The clamping portion can comprise a single set of identical
insert pockets.

The clamping portion can comprise a single set of identical
clamping jaws.

The clamping jaw can be connected to the rest of the
milling tool body only via a leg portion.

Each clamping jaw can be elastically deformable at a leg
portion.

In a plan view of one of'the side surfaces, the clamping jaw
can have a closed shape.
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In a plan view of each of the side surfaces, the forward and
rearward abutment surfaces can appear as straight lines which
can converge outwardly.

Each insert pocket can comprise a pocket stop surface
located at an inner end of the insert pocket.

Each clamping jaw can comprise a deflection surface
whichis located at a head portion (38) of the clamping jaw, for
deflecting chips away from the clamping portion.

The deflection surface can extend from the rearward abut-
ment surface and can face outwardly, away from the clamping
portion.

The clamping portion has N-fold rotational symmetry
about a rotation axis (A) of the milling tool body.

The forward abutment surface faces a turning direction (T)
of the milling body and the rearward abutment surface faces
an opposite direction thereto.

The forward abutment surface can be V-shaped.

The rearward abutment surface can be V-shaped.

The pressure member can be a knurled nut and a screw,
screwed therein.

Each cutting insert can include first and second main sur-
faces and a peripheral surface which extends therebetween,

at least one of the first and second main surfaces can meet
the peripheral surface at an edge, at least a portion of which is
a cutting edge,

the first and second main surfaces comprising respective
first and second abutment surfaces,

the peripheral surface comprising an insert stop surface.

The first abutment surface abuts the rearward abutment
surface of a clamping jaw located in front of the cutting insert
in a rotation direction (T); the second abutment surface abuts
the forward abutment surface of an adjacent camping jaw
behind the cutting insert; and wherein the insert stop surface
abuts the pocket stop surface.

In the engaged position, the pressure member applies an
indirect clamping force FI on the cutting insert.

In the engaged position, at least one of the forward and
rearward abutment surfaces applies an indirect clamping
force FI on the cutting insert.

The cutting insert is transferable between a clamped posi-
tion and a secured position, and wherein in a secured position,
the pressure member is in an engaged position.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the subject matter of the
present application and to show how the same may be carried
out in practice, reference will now be made to the accompa-
nying drawings, in which:

FIG. 1 is an isometric view of a rotary milling tool;

FIG. 2 is an exploded view of a portion of the milling tool
of FIG. 1;

FIG. 3 is a plan side view of a clamping portion of the
milling tool; and

FIG. 4 is a cross sectional view taken along line IV-IV of
FIG. 1.

Where considered appropriate, reference numerals may be
repeated among the figures to indicate corresponding or
analogous elements.

DETAILED DESCRIPTION OF THE INVENTION

In the following description, various aspects of the subject
matter of the present application will be described. For pur-
poses of explanation, specific configurations and details are
set forth in sufficient detail to provide a thorough understand-
ing of the subject matter of the present application. However,
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it will also be apparent to one skilled in the art that the subject
matter of the present application can be practiced without the
specific configurations and details presented herein.

Reference is made to FIG. 1. A rotary milling tool 10
includes a rotary milling tool body 12 and cutting inserts 14
secured therein. The milling tool 10 has a rotation axis A
which defines a rotation direction T.

The milling tool body 12 has a mounting end 16 configured
for securing the milling tool body 12 onto a milling machine,
and a cutting end 18 opposite the mounting end 16. At the
cutting end 18, the milling tool body 12 includes a circum-
ferential clamping portion 20 configured with N-fold rota-
tional symmetry about the rotation axis A (wherein N is a
number representing a total number of cutting inserts 14, or
groups thereof, in the milling tool 10).

The clamping portion 20 has opposite first and second side
surfaces 22, 24. The first and second side surfaces 22, 24 can
be parallel. The clamping portion 20 includes multiple
recesses 26 along its circumference. The recesses 26 can be
identical. According to the subject matter of the present
example, the milling tool body 12 includes only a single setof
recesses 26. Each recess 26 defines a single insert pocket 30
therein. Therefore, the milling tool body 12 can include a
single set of identical insert pockets 30. Advantageously, this
is a simple structure, which can be cheap to manufacture. A
clamping jaw 32 is defined between each two adjacent
recesses 26. The milling tool body 12 can include single set of
identical clamping jaws 32. The insert pockets 30 and clamp-
ing jaws 32 can alternate along the entire circumference of the
clamping portion 20. As seen in FIG. 1, the first and second
side surfaces 22, 24 and the clamping portion 20 (and also the
clamping jaws 32) may be angled at a non-zero angle with
respect to the rotation axis A, providing the cutting end 18
with a cone-shaped appearance.

Attention is drawn to FIGS. 2 and 3. Each clamping jaw 32
is a unitary, one-piece, integral part of the milling tool body
12. Each clamping jaw 32 projects from the milling tool body
12. Each clamping jaw 32 can have a leg portion 34, a body
portion 36 and a head portion 38. The head portion 38 is
connected to the body portion 36. The body portion 36 is
connected to the rest of the milling tool body 12 only via the
leg portion 34. In a plan view of any of the first or second side
surfaces 22, 24, the leg portion 34 can be narrower than the
body portion 36. The leg portion 34 can be elastically deform-
able in order to allow bending of the clamping jaw 32 there-
about.

Each clamping jaw 32 has a forward abutment surface 40
and an opposite rearward abutment surface 42. The forward
and rearward abutment surfaces 40, 42 extend between the
first and second side surfaces 22, 24. The forward abutment
surface 40 can be located in, or extend along, the head portion
38 and the body portion 36. The rearward abutment surface 42
can be located in the body portion 36. The forward abutment
surface 40 faces the rotation direction T and the rearward
abutment surface 42 faces opposite thereto. The forward and
rearward abutment surfaces 40, 42 are configured to abut and
secure the cutting insert 14. The forward and rearward abut-
ment surfaces 40, 42 can have V-shaped cross sections. The
V-shaped cross-sections assist in reducing lateral movement
of the cutting insert 14 in the insert pocket 30. The forward
and rearward abutment surface 40, 42 can have a convex
V-shaped cross section.

As shown in FIG. 3, according to the present example, at
least portions of adjacent forward and rearward abutment
surfaces 40, 42 of respective adjacent clamping jaws 32 can
appear as straight lines in a side view of the clamping jaws 32,
i.e., in a plan view of any of the first or second side surfaces
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22, 24. These lines will be referred to herein as clamping jaw
lines 44, which may correspond to the bottom of the V-shape
cross-sections. In the same view, the clamping jaw lines 44
can converge outwardly. According to the subject matter of
the present example, an acute convergence angle a<3° is
defined between the clamping jaw lines 44, or between the
forward and rearward abutment surfaces 40, 42 which face
each other and belong to adjacent clamping jaws 32.

Each clamping jaw 32 includes a deflection surface 46
which is located at the head portion 38, for deflecting cut
chips away from the clamping portion 20. The deflection
surface 46 extends from the rearward abutment surface 42 and
faces outwardly, away from the clamping portion 20.

In aplan view of one of'the first or second side surfaces 22,
24, atfootprint 39 (indicated by dashed lines in F1G. 3) defined
by the body portion 36 and the head portion 38 of the clamp-
ing jaw 32 has a closed shape. The term “closed shape™ is used
in a sense that in the same view, at the body portion 36 and the
head portion 38, the clamping jaw 32 has a continuous periph-
ery, i.e., has no recesses which open out outwardly. The
closed shape of the clamping jaw 32 can improve general
rigidity of the milling tool 10.

Attention is drawn to FIGS. 2, 3 and 4. Each clamping jaw
32 has a throughgoing pressure hole 48 with a longitudinal
hole axis H. The pressure hole 48 extends in a thickness
direction of the clamping portion 20, or generally parallel to
the rotation axis A. Manufacturing the pressure holes 48 is
simple and inexpensive. The pressure hole 48 can extend
between the forward and rearward abutment surfaces 40, 42.
The pressure hole 48 only opens out to the first and second
side surfaces 22, 24, which e.g., allows maintaining the closed
shape of the clamping jaw 32. According to the subject matter
of the present example, the pressure hole 48 opens out to the
first and second side surfaces 22, 24 at conical openings 50
(FIG. 4). The pressure hole 48 can be located in the body
portion 36. As will be further explained herewith, this can
enable elastic deformation of the body portion 36. The pres-
sure hole 48 can include grooves 52 which extend along the
hole axis H. The grooves 52 can help improve expansion, or
deformation, of the body portion 36 (FIGS. 2 and 3).

Attention is drawn to FIGS. 2 and 4. Each clamping jaw 32
has a pressure member 54 located in the pressure hole 48.
According to the subject matter of the present example, the
pressure member 54 is a knurled nut 56 with a screw 58
screwed therein. The screw 58 has a conical screw head 60
and the nut has a conical knurled outer surface 62. The
knurled outer surface 62 communicates with one of the coni-
cal openings 50 of the pressure hole 48 such that when the
screw 58 is tightened, rotation of the knurled nut 56 is limited,
or entirely prevented, by friction forces.

The pressure member 54 is transferable between a disen-
gaged position and an engaged position. In the disengaged
position, the pressure member 54 does not apply forces on the
clamping jaw 32 in the rotation direction T and in the opposite
direction thereto (e.g., the screw 58 can be loose). In the
engaged position, the pressure member 54 applies (outwardly
directed) indirect clamping forces FI on the body portion 36
in the rotation direction T and in an opposite direction thereto.
Due to the conical structure of the knurled nut 56 and screw
head 60, axial screw forces FH (generated along the hole axis
H by tightening the screw 58) are partially transformed (i.e.,
change their direction) into the indirect clamping forces FI.
These forces can enable the elastic deformation in the body
portion 36 (between the pressure hole 48 and each of the
forward and rearward abutment surfaces 40, 42) which, in
turn, can expand in the rotation direction T and in the opposite
direction thereto, respectively. Specifically, according to one
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example wherein the body portion 36 expands, the forward
and rearward abutment surfaces 40, 42 can move away from
one another, i.e., the forward abutment surface 40 is displaced
in the direction of rotation T and the rearward abutment
surface 42 is displaced in the opposite direction. However,
some test results show that the expansion of the body portion
36 does not necessarily have to occur (and can be minimal, or
not occur at all) for the pressure member 54 to apply the
indirect clamping forces on the cutting insert 14.

Each insert pocket 30 is located between two clamping
jaws 32. Each insert pocket 30 includes one pair of opposite
forward and rearward abutment surfaces 40, 42, of respective
adjacent clamping jaws 32. The insert pocket 30 can opens
out to the first and second side surfaces 22, 24. The insert
pocket 30 opens out outwardly, away from the rotation axis A.
The insert pocket 30 has an inner end 64. The inner end 64 can
include a pocket stop surface 66. The pocket stop surface 66
can be located between the two leg portions 34 of the respec-
tive adjacent clamping jaws 32. The pocket stop surface 66
can be planar. The pocket stop surface 66 can face in a direc-
tion parallel to that of any of the clamping jaw lines.

Attention is drawn to FIGS. 1,2 and 4. The cutting insert 14
can include opposite first and second main surfaces 68, 70 and
a peripheral surface 72 which extends therebetween. The first
and second main surfaces 68, 70 can meet the peripheral
surface 72 at edges 74. At least a portion of the edges 74 can
be a cutting edge 76. The peripheral surface 72 can include an
insert stop surface 78 and an opposite relief surface 80. The
first main surface 68 can include a rake surface 82 and a first
abutment surface 84. The second main surface 70 can include
a second abutment surface 86. The first and second abutment
surfaces 84, 86 can have a V-shaped cross section, (which can
correspond in shape to the forward and rearward abutment
surfaces 40, 42) at least for reducing lateral movement of the
cutting insert 14 in the insert pocket 30. The first and second
abutment surfaces 84, 86 can have a concave V-shaped cross
section.

According to the subject matter of the present example, in
a clamped position, each cutting insert 14 is slidingly
inserted, or installed, into a respective insert pocket 30 and
adjacent pressure members 54 are in a disengaged position.
The first abutment surface 84 abuts the rearward abutment
surface 42 of a clamping jaw 32 located in front of the cutting
inset (in the rotation direction T). The second abutment sur-
face 86 abuts the forward abutment surface 40 of an adjacent
clamping jaw 32. The insert stop surface 78 abuts the pocket
stop surface 66.

According to the subject matter of the present example, in
each insert pocket 30, the convergence angle o and the spac-
ing between the forward and rearward abutment surfaces 40,
42, can be chosen such that the clamping jaws 32 apply
self-clamping forces FS on the cutting insert 14 in the
clamped position. The self-clamping forces FS are generated
since the cutting insert 14 pushes the adjacent clamping jaws
32 away from one another (thus elastically bending the
clamping jaws 32, e.g., at the leg portion 34). The self-clamp-
ing forces FS can generate friction forces which can prevent
the cutting insert 14 from falling out of the insert pocket 30,
e.g., during installation of other cutting inserts 14.

During a clamped position of any given cutting insert 14,
inserting other cutting inserts 14 into at least one of the two
neighboring insert pockets 30 (e.g., in a situation wherein
respective adjacent pressure members 54 on both sides of the
cutting insert 14 are in the disengaged position) can increase
the self-clamping force FS on the given cutting insert 14.
This, since the self-clamping forces are accumulated along
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the clamping portion 20 due to continuous contact between
clamping jaws 32 and cutting inserts 14.

Attention is drawn to FIG. 4. In a secured position, the
cutting insert 14 is located in the insert pocket 30 and at least
one of the two adjacent pressure members 54 (in the present
example, the screw 58 and knurled nut 56 arrangement) is in
the engaged position. The indirect clamping forces FI are
applied on the cutting insert 14 via the adjacent forward and
rearward abutment surfaces 40, 42 of the insert pocket 30
(each of which belongs to different adjacent clamping jaws
32).

Some test results show that after insertion of all cutting
inserts 14 into the insert pockets 30 (while all the cutting
inserts 14 are in a clamping position) a substantial amount of
self-clamping forces FS can be generated in the clamping
portion 20. However, these forces may not be enough to
ensure secure clamping during machining operations. Trans-
ferring the cutting insert 14 from a clamping position to a
secure position ensures that enough forces are generated to
secure the cutting insert 14 in place.

The description above includes exemplary embodiments
and details for enablement, if needed, of claimed subject
matter, and does not exclude non-exemplified embodiments
and details from the claim scope of the present application.

What is claimed is:

1. A rotary milling tool body (12) having a rotation axis
(A), arotation direction (T), and comprising a circumferential
clamping portion (20),

the clamping portion (20) comprising opposite first and

second side surfaces (22, 24) and a plurality of insert

pockets (30) and integral clamping jaws (32) alternat-
ingly arranged therealong,

each clamping jaw (32) comprising:

opposite forward and rearward abutment surfaces (40,
42) extending between the first and second side sur-
faces (22, 24),

a throughgoing pressure hole (48) opening out only to
the first and second side surfaces (22, 24) such that the
clamping jaw (32) has a closed shape and a footprint
of the clamping jaw has a continuous periphery, and

apressure member (54) located in the pressure hole (48)
and being transferable between disengaged and
engaged positions.

2. The milling tool body (12) according to claim 1, wherein
the clamping jaw (32) has a unitary, one piece construction.

3. The milling tool body (12) according to claim 1, wherein
the pressure hole (48) extends between the forward and rear-
ward abutment surfaces (40, 42).

4. The milling tool body (12) according to claim 1, wherein
the pressure hole (48) has conical openings (50).

5. The milling tool body (12) according to claim 1, wherein
each clamping jaw (32) is elastically deformable at a body
portion (36), between the pressure hole (48) and each of the
first and second jaw sides.

6. The milling tool body (12) according to claim 1, wherein
in the engaged position, the pressure member (54) applies
indirect clamping forces (FI) outwardly, away from a longi-
tudinal axis (H) of the pressure hole (48).

7. The milling tool body (12) according to claim 1, wherein
the clamping portion (20) comprises a single set of identical
insert pockets (30).

8. The milling tool body (12) according to claim 1, wherein
the clamping portion (20) comprises a single set of identical
clamping jaws (32).

9. The milling tool body (12) according to claim 1, wherein
the clamping jaw (32) is connected to the rest of the milling
tool body (12) only via a leg portion (34).
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10. The milling tool body (12) according to claim 1,
wherein each clamping jaw (32) is elastically deformable at a
leg portion (34).

11. The milling tool body (12) according to claim 1,
wherein in a plan view of one of the side surfaces (22, 24), a
footprint (39) defined by the body portion (36) and head
portion (38) of each clamping jaw (32) has a closed shape.

12. The milling tool body (12) according to claim 1,
wherein in a plan view of each of the side surfaces (22, 24),
the forward and rearward abutment surfaces (40, 42) appear
as straight lines which converge outwardly.

13. The milling tool body (12) according to claim 1,
wherein each insert pocket (30) comprises a pocket stop
surface (66) located at an inner end (64) of the insert pocket
(30).

14. The milling tool body (12) according to claim 1,
wherein each clamping jaw (32) comprises a deflection sur-
face (46) which is located at a head portion (38) of the clamp-
ing jaw (32), for deflecting chips away from the clamping
portion (20).

15. The milling tool body (12) according to claim 14,
wherein the deflection surface (46) extends from the rearward
abutment surface (42) and faces outwardly, away from the
clamping portion (20).

16. The milling tool body (12) according to claim 1,
wherein the clamping portion (20) has N-fold rotational sym-
metry about the rotation axis (A).

17. The milling tool body (12) according to claim 1,
wherein the forward abutment surface (40) faces the turning
direction (T) of the milling body and the rearward abutment
surface (42) faces an opposite direction thereto.

18. The milling tool body (12) according to claim 1,
wherein the forward abutment surface (40) is V-shaped.

19. The milling tool body (12) according to claim 1,
wherein the rearward abutment surface (42) is V-shaped.

20. The milling tool body (12) according to claim 1,
wherein the pressure member (54) is a knurled nut (56) and a
screw (58) screwed therein.

21. A rotary milling tool (10) comprising the milling body
according to claim 1 and a cutting insert (14) secured in each
of the insert pockets (30).

22. The milling tool (10) according to claim 21, wherein

each cutting insert (14) comprises first and second main

surfaces (68, 70) and a peripheral surface (72) extending
therebetween,
at least one of the first and second main surface (68, 70)
meets the peripheral surface (72) at an edge (74), at least
a portion of which is a cutting edge (76),

the first and second main surfaces comprise respective first
and second abutment surfaces (84, 86),

the peripheral surface (72) comprises an insert stop surface
(78).
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23. The milling tool (10) according to claim 21, wherein
the first abutment surface (84) abuts the rearward abutment
surface (42) of a clamping jaw (32) located in front of the
cutting insert (14) in the rotation direction (T);

the second abutment surface (86) abuts the forward abut-
ment surface (40) of an adjacent clamping jaw behind
the cutting insert (14); and

the insert stop surface (78) abuts a pocket stop surface (66)

of the insert pocket (30).

24. The milling tool (10) according to claim 21, wherein,
when the pressure member (54) is in the engaged position, the
pressure member (54) applies an indirect clamping force (FI)
on the cutting insert (14).

25. The milling tool according to claim 24, wherein

the cutting insert (14) is transferable between a clamped

position and a secured position;

the pressure member (54) is in the engaged position; and

the indirect clamping force (FI) applied by the pressure

member (54) maintains the cutting insert in the secured
position.

26. The milling tool (10) according to claim 21, wherein,
when the pressure member (54) is in the engaged position, at
least one of the forward and rearward abutment surfaces (40,
42) applies an indirect clamping force (FI) on the cutting
insert (14).

27. The milling tool according to claim 26, wherein

the cutting insert (14) is transferable between a clamped

position and a secured position, and

the pressure member (54) is the engaged position; and

the indirect clamping force (FI) applied by said at least one

of the forward and rearward abutment surfaces (40, 42)
maintains the cutting insert (14) in the secured position.

28. A rotary milling tool body (12) having a rotation axis
(A), arotation direction (T), and comprising a circumferential
clamping portion (20),

the clamping portion (20) comprising opposite first and

second side surfaces (22, 24) and a plurality of insert
pockets (30) and integral clamping jaws (32) alternat-
ingly arranged therealong,

each clamping jaw (32) comprising:

opposite forward and rearward abutment surfaces (40,
42) extending between the first and second side sur-
faces (22, 24),

a throughgoing pressure hole (48) opening out only to
the first and second side surfaces (22, 24), and

apressure member (54) located in the pressure hole (48)
and being transferable between disengaged and
engaged positions; wherein:

each clamping jaw (32) comprises a deflection surface (46)

which is located at a head portion (38) of the clamping

jaw (32), for deflecting chips away from the clamping

portion (20).



